This paper describes experiments designed to characterize the effect of dietary antioxidants on lipid peroxide formation and vitamin A reduction in the liver of rats fed on diets containing polychlorinated biphenyls (PCB). Rats were given 0.025% PCB diets supplemented with dietary antioxidants, for 2 weeks. The antioxidants used were as follows: 10mg% (basal and usual level), 50mg% and 100mg% of vitamin E, and 50mg% of DPPD and tinoridine respectively. A marked liver enlargement and a significant increase of total liver lipid content were observed in the PCB-fed groups irrespective of the levels of vitamin E and kinds of antioxidants, suggesting that antioxidants were ineffective in preventing the development of fatty liver. Endogeneous lipid peroxide contents in the liver of rats receiving the diets containing 10mg% vitamin E, DPPD, and tinoridine with PCB increased significantly, whereas no increase was found with the 50 and 100mg% vitamin E diets with PCB. Hepatic glutathione peroxidase activity was unaffected by PCB and dietary antioxidants. No increase in hepatic vitamin E content occurred in the PCB groups with the addition of 10mg% vitamin E, DPPD, and tinoridine. However, dietary supplementation of vitamin E at higher levels caused an elevation of hepatic vitamin E content and a further increase was observed on the addition of PCB. These results suggest that a sufficiently high level of vitamin E suppresses the increment of the endogeneous lipid peroxide content in the liver of rats fed PCB. On the other hand, the administration of PCB to rats resulted in a significant decrease in hepatic vitamin A content regardless of the levels of 1 Polychlorinated biphenyls toxicity and nutrition . XIV. Polychlorinated biphenyls toxicity and vitamin A (7).
Summary This paper describes experiments designed to characterize the effect of dietary antioxidants on lipid peroxide formation and vitamin A reduction in the liver of rats fed on diets containing polychlorinated biphenyls (PCB). Rats were given 0.025% PCB diets supplemented with dietary antioxidants, for 2 weeks. The antioxidants used were as follows: 10mg% (basal and usual level), 50mg% and 100mg% of vitamin E, and 50mg% of DPPD and tinoridine respectively. A marked liver enlargement and a significant increase of total liver lipid content were observed in the PCB-fed groups irrespective of the levels of vitamin E and kinds of antioxidants, suggesting that antioxidants were ineffective in preventing the development of fatty liver. Endogeneous lipid peroxide contents in the liver of rats receiving the diets containing 10mg% vitamin E, DPPD, and tinoridine with PCB increased significantly, whereas no increase was found with the 50 and 100mg% vitamin E diets with PCB. Hepatic glutathione peroxidase activity was unaffected by PCB and dietary antioxidants. No increase in hepatic vitamin E content occurred in the PCB groups with the addition of 10mg% vitamin E, DPPD, and tinoridine. However, dietary supplementation of vitamin E at higher levels caused an elevation of hepatic vitamin E content and a further increase was observed on the addition of PCB. These results suggest that a sufficiently high level of vitamin E suppresses the increment of the endogeneous lipid peroxide content in the liver of rats fed PCB. On the other hand, the administration of PCB to rats resulted in a significant decrease in hepatic vitamin A content regardless of the levels of 1 Polychlorinated biphenyls toxicity and nutrition . XIV. Polychlorinated biphenyls toxicity and vitamin A (7).
* To whom all correspondence should be addressed . Previous studies, in our group and in others, have shown that animals with ingested polychlorinated biphenyls (PCB) exhibit not only increased lipid peroxide formation (1-6) but also reduction of vitamin A content (2, (7) (8) (9) (10) (11) in the liver; however, at the present time we still have only minimal insight into the detailed mechanisms thereof, especially in vivo.
Combs and Scott (4) reported that dietary PCB enhanced lipid peroxidation in hepatic microsomes of chicks through the decrease of biological utilization of dietary selenium. Ito and Murata (5) showed that the administration of a PCB diet to carp caused increased lipid peroxide formation, decreased amounts of glu tathione and vitamin E, and elevated glutathione peroxidase activity in the hepatopancreas. But in our previous papers (2, 3), increase of lipid peroxide and vitamin E contents, and decrease or no change of glutathione peroxidase activity were observed in the liver of rats fed on PCB diet.
On the other hand, Villeneuve et al. (9) reported that vitamin A concentration in the liver was lower in rabbits given PCB (Aroclor 1254) than in controls. The present authors have previously reported that 0.1% PCB diet given to rats causes a significant decrease of vitamin A in the liver within 2 weeks and of retinol binding protein in the serum to one-half that of the control group on the 10th day (7). Roberts and DeLuca (12) found that decarboxylation of retinoic acid in vitro was initiated by a free radical mechanism resembling that functioning in lipid per oxidation. However, we observed that the decrease of vitamin A content did not coincide with the level of lipid peroxide formation in the liver of rats administered PCB, casting doubt on the participation of lipid peroxidation in vitamin A reduction (13) .
The present experiments were carried out to ascertain the effects of anti oxidants on the formation of lipid peroxide and its scavenging components in the liver of rats given PCB, and further, to determine the mechanism of lipid peroxide formation by PCB. Furthermore, this study deals with the interaction between lipid peroxidation and vitamin A reduction in the liver of rats given PCB. ences between treatment means. The level of significance chosen was p<0.05.
MATERIALS AND METHODS

Animals
RESULTS AND DISCUSSION
Effects of antioxidants on food intake, body weight gain, liver weight and total liver lipid content in rats given PCB Changes in food intake, body weight gain and liver weight for the rats on the various dietary treatments are given in Table 1 . Food intake and body weight gain in the rats given PCB were not different from respective control values. A marked liver enlargement was observed in the PCB-fed groups irrespective of the levels of vitamin E and kinds of dietary antioxidants. A significant increase of total liver lipid content was also found in the PCB-fed groups regardless of excess administration of dietary antioxidants (Fig. 1) . Therefore, an enlargement of the liver caused by PCB was thought to be due to the accumulation of lipids in the liver, suggesting that dietary antioxidants were ineffective in modifying the PCB-induced fatty liver.
Effects of antioxidants on PCB-induced endogeneous hepatic lipid peroxide formation
As shown in Fig. 2 , the endogeneous lipid peroxide content of the liver of rats receiving PCB increased significantly at the level of 10mg% vitamin E, but not at two higher levels of 50 or 100mg% as compared with that of the respective control rats. There were no differences in hepatic lipid peroxide contents between 50 and 100mg% levels of vitamin E in both the control and PCB groups. It is obvious that a 50mg% dietary level of vitamin E is sufficient for suppressing the hepatic lipid addition, it has also been reported (21) that PCB-induced fatty liver is attendant to the increment of unsaturated fatty acids. Therefore, it is significant to note that the increase of unsaturated fatty acids participates in the stimulation of lipid peroxide formation caused by PCB administration.
Effects of antioxidants on hepatic glutathione peroxidase activity in rats given PCB Glutathione peroxidase activity in the liver of rats is given in Fig. 3 . While the Effects of antioxidants on hepatic vitamin E content in rats given PCB Hepatic vitamin E content of rats is presented in Fig. 4 . There was no difference between the two groups given the respective 10mg% vitamin E diets with and without PCB. Higher levels of dietary vitamin E caused a profound elevation of vitamin E content and the addition of PCB increased it more markedly. However, the hepatic vitamin E content in the 50mg% vitamin E-supplemented group was not different from that in the 100mg% group both with and without PCB. We found that the elevation of vitamin E content in the liver of rats caused by PCB administration differed from the result observed in carp by Ito and Murata (5) . This suggests a rise in the requirement of the rats for vitamin E and also an antitoxic activity against PCB toxicity. Combs et al. (25) found that chicks reared on PCB diet deficient in vitamin E and supplemented with a marginal level of selenium showed an increase of susceptibility to vitamin E-selenium deficiency, as measured by the incidence of exudative diathesis. This phenomenon, in agreement with our present observation on vitamin E content and glutathione peroxidase activity in rats, shows that PCB increases the apparent requirements of chicks for vitamin E and selenium for prevention of exudative diathesis. On the other hand, there were no differences in the hepatic vitamin E contents between the control and PCB groups on the DPPD and tinoridine diets, and the levels thereof were nearly the same as those of the 10mg% vitamin E diet groups.
In view of the results presented above, as no elevation of glutathione peroxidase activity caused by PCB administration was recognized and the higher levels of dietary vitamin E (50 and 100mg%) suppressed the PCB-induced hepatic lipid peroxide formation, the increment of lipid peroxide formation by PCB administration in rats fed on diet with 10mg% vitamin E seemed to result from the insufficiency of lipid peroxide scavenging components in the liver of rats.
Effects of antioxidants on hepatic vitamin A reduction caused by PCB administration Vitamin A content of the liver is indicated in Fig. 5 . The administration of PCB as previously observed (2, 7, 8) resulted in a significant decrease in vitamin A contents irrespective of the levels of vitamin E and kinds of dietary antioxidants. Though the dat is not shown, a significant decrease was recognized in the total vitamin A content of the liver. On the other hand, there were no significant differences in hepatic vitamin A contents among the PCB-fed groups. It is concluded that dietary antioxidants used here had no significant effect on the prevention of reduction of hepatic vitamin A caused by PCB. It was found that liver storage of vitamin A increased in vitamin E-and DPPDtreated rats (26, 27) , although neither of these reports distinguished protective effects in the diet from those occurring in vivo. In contrast to these reports, Green et al. (28) presented the case that under conditions ruling out interaction in the diet, vitamin E had no effect on the rate of depletion of vitamin A from the liver. Since we have already showed that vitamin A is not specifically destroyed in the copresence of PCB in the diet (7), the antioxidants used in this experiment have no protective effect on the reduction of vitamin A in the liver caused by PCB.
Relationship between PCB-induced lipid peroxidation and vitamin A reduction in the liver It can be seen from Fig. 2 that PCB-induced lipid peroxide formation in the liver was suppressed by higher levels of vitamin E in the diet (50 and 100mg%) and also by DPPD (50mg%) as compared with the 10mg% vitamin E diet with PCB. However, no significant differences in hepatic vitamin A contents were observed among these four PCB-fed groups, and the hepatic vitamin A level was not parallel to the degree of PCB-induced lipid peroxidation. Therefore, this suggests that lipid peroxidation was not involved in the reduction of hepatic vitamin A caused by PCB administration, especially in vivo.
It is quite readily accepted that retinol is normally metabolized to re tinal (29, 30) and further to retinoic acid (31, 32) . Moreover, Roberts and DeLuca (12, 33) demonstrated that decarboxylation was a significant process in the catabolism of retinoic acid in vitro in slices of tissue from rat liver and kidney as well as in the microsomal fraction of these same tissues, and that it occurred by a free radical mechanism similar to lipid peroxidation and was prevented by antioxidants such as DPPD and vitamin E. In addition, in contrast to that occurring in vitro, decarboxylation in vivo was not inhibited by vitamin E (33). This observation essentially agrees with our finding that vitamin E failed to suppress the reduction of hepatic vitamin A content caused by PCB. However, Roberts et al. also indicated in the same paper that DPPD showed a slight but significant decrease in the extent of decarboxylation in vivo, and concluded that only a part of decarboxylation in vivo proceeded by the same mechanism as in vitro. As regards the lack of an effect of vitamin E on decarboxylation in vivo, they guessed that as an antioxidant, DPPD had a stronger more direct effect than had vitamin E (33). However, our experiment showed that hepatic vitamin A content in the DPPD group significantly decreased on PCB administration. So, DPPD would have no protective effect for the reduction of hepatic vitamin A caused by PCB.
It is well known that organochlorine compounds including PCB cause the reduction of hepatic vitamin A content (7, 9, 10, 34) and also that these compounds induce the operation of the hepatic microsomal mixed function oxidase system as a common action. Therefore, we presumed that microsomal mixed function oxidases might be associated with the reduction of hepatic vitamin A caused by PCB administration, that is, vitamin A would be metabolized to inactive metabolites by the oxidases, resulting in the decrease of hepatic vitamin A content (7). However, since the level of induction of cytochrome P-450 caused by PCB administration was not necessarily parallel to the degree of reduction of hepatic vitamin A con tent (2, 13) , it appeared that microsomal mixed function oxidases were possibly not directly involved in vitamin A metabolism including catabolism.
Over the past several years, Roberts et al. (35) (36) (37) have revealed the reaction pathway for retinoic acid metabolism (deactivation pathway) in hamster liver microsomas, two steps of which are highly responsive to retinoic acid and slightly so to phenobarbital and 3-methylcholanthrene, require oxygen and NADPH, and are carbon monoxide-sensitive. The reaction of these steps, therefore, is similar to that for monooxygenase-type hepatic microsomal mixed function oxidases (cytochrome P-450s). On the other hand, since PCB induces the oxidases (38) , it might appear possible that PCB also induces the retinoic acid-inducible monooxygenase-type enzymes which metabolize retinoic acid to deactivated metabolites, resulting in the reduction of hepatic vitamin A content on PCB administration. Future in vestigations will therefore center around this possibility.
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